Recently Wind Generator (WG) is getting increasing rotational speed (slip). It is difficult to determine emphasis in the world, and its capacity is becoming larger. mechanical losses and slip at the same time. However, WG output power and losses are dependent on * It is hard to measure stray load loss and iron loss. wind. In order to capture more energy from wind, it is important to analyze loss characteristics of wind generator, * It is difficult to evaluate gear loss analytically as a which can be determined from wind speed. Furthermore, since function of rotational speed. many non-linear losses occur in WG, making prediction profit
In this paper, we propose a method of calculating the by using average wind speed may cause many errors. This efficiency of WG correctly, taking into account the points paper presents a method to represent various losses in wind mentioned above. Table I shows the losses of Wind Generator. generator as a function of wind speed, which is based on the The equivalent circuit of the induction generator used in the steady state analysis. By using the proposed method, wind proposed method is shown in Fig. 1 . The input torque and turbine power, generated power, copper loss, iron loss, stray copper losses are calculated by solving the circuit equations load loss, mechanical losses and energy efficiency can be (1). calculated quickly. However, the proposed method cannot take a transient state into account. Generally, since the change of * wind can be expressed as (2) . In this paper, MOD-2 model (2) is E= 4.44xf xkw xwxo [V] (8) used, whose power coefficient curve is shown in Fig. 2 Cp(2, /) = 0.5(r-0.022g2-5.6)e-7r (4) shown below. Wf is the total iron loss which is deternined 0.022/32 5.6)e~'7~using eq.(7) and the iron core weight.
In eqs. (2) '~~~~~~~Stray load loss is expressed as follows. 
Where, P is generated power [W] Fig. 3 shows the gear box efficiency for three gear steps. In Figure 5 . Expression of power flow in the proposed method this paper, three steps are assumed, according to a large-sized
Since mechanical losses and stray load loss cannot be wind generator in recent years. expressed in a generator equivalent circuit, they have been deducted from the wind turbine output. Fig. 6 shows the flow chart ofthe proposed method, which is described below. Fig. 4 . Furthermore, it is difficult to determine Wf is calculated from the flux density using the iron mechanical losses and slip at the same time, because loss calculation method mentioned above, and the iron mechanical losses are a function of rotational speed (slip). loss resistance, rm, which produces the same loss as Wf Mechanical loss can also be obtained in the iterative is also determined. (6j) Ball bearing loss and windage loss are calculated by using eqs. (11) and (12), and the rotational slip of the generator determined in step (). And stray load loss thus IG draws more reactive power and internal voltage of IG is calculated from eq.(13).
decreases. As a result, flux density and iron loss decrease.
(7) If the calculated losses converge, the calculation will stop, otherwise it will return to step (Th The proposed method cannot take a transient state into loss decreases with the increase of wind speed. When wind account. Since the change of the generated power of wind speed increases, induction generator real power increases, and generator is large, a transient state may occur. In order to check the effect of a transient state on the results, same calculation in Table III . Even if the large change of wind velocity like was performed by using PSCAD/EMTDC. Wind velocity is wind3 of Fig. 8 is used, the difference is negligible. Moreover, approximated by the sine waves as shown in Fig. 8 Fig. 10 , and it is clear that the wind conditions of factor of area B is higher than that of area C. So, the amount of these areas are different. In this case, the cutout wind velocity power generation strongly depends on probability density is assumed to be 20 m/s [2] . distribution. The difference of copper loss and stray load loss among the three areas are large, because they depend not only on the generated power but also on the operating time, which is related with probability density distribution. Figure 10 . Probability density distribution
In our future study we would like to establish efficiency calculation method of wind generator using Permanent Magnet The amount of annual power generation can be calculated Synchronous Generator (PMSG). from the following equation using the probability distribution function. 
